Motivation Foam as an injected fluid for enhanced oil recovery (EOR) has shown promise, particularly in steamflooding (1-3). In addition, foam is effective as a barrier to gas coning in thin oil zones ( 4). The unique mobility-control properties (i.e., large flow resistance) of foam in porous media make it an · attractive choice. However, even though foam shows potential for improved oil recovery, it is not widely used partly because crude oils d~stabilize most foams. When flowing foam in porous media coalesces into its two separate phases, liquid and gas, it no longer provides a large flow resistance and is ineffective for oil recovery. It is imperativ~ for foam to remain stable against oil, that is to remain as a dispersion of gas in liquid, in EOR applications. Therefore, it is important to understand how oil destabilizes
foam. and what surfactant properties lead to increased stability against oil. Figure 1 shows a highly schematic diagram of foam bubbles percolating past a residual oil ganglion in a porous medium (5). The aqueous surfactant solution is indicated by light shading, the rock is represented by cross-hatching, and the oil is shown as dark ·shading. As a lamella (i.e., a gas-water-gas or foam film) flows by a water-wet sand grain, it deposits a thick water film between the gas and solid. Provided the oil globule is similarly water wet, the flowing lamella can deposit a thick water film in an exactly similar manner on the exposed portion of the oil. The gas-wateroil film that results is coined a pseudoemulsion film (6). It is possible for the pseudoemulsion film to thin and break under the capillary-pressure suction in the Plateau border that terminates the film. In this case the oil may enter the gas-water interface and spread as a gas-oil-water film.
Thus, the fate of the deposited pseudoemulsion film is crucial to how oil interacts with foam in porous media; the stability of the pseudoemulsion film is critical to maintain foam stability in the presence of oil.
Recent work on oil destabilization mechanisms of foam focuses on bulk spreading and entering coefficients (7-11), underpinned by the pioneering ideas of Ross (12) and Robinson and Woods (13) . For an oil drop arriving at a planar gas-water interface, ~he classical spreading and entering coefficients are defined from the thermodynamic conditions for the minirirization of the surface free energy (14): 2)
where Oij corresponds to the surface or interfacial tension, and the subscripts o,w, and g signify oil, water and gas respectively. A positive Sow demands oi~ spreading on a gas-water interface, while a positive Eow corresponds to oil penetrating the gas-water interface from the aqueous side. As pointed out by Ross (15) entering and spreading coefficients are related by E 0 w = -Swo· That is, a nonentering oil at the gas-water interface is thermodynamically equivalent to water spreading on a gas-oil interface.
Unfortunately, a definitive correlation betweet.l oil spreading and foam stability in porous media has not emerged. Further, with Equations 1) and 2) there is no provision to account for any influence of the porous medium on foam tolerance to oil.
Another approach to understanding oil ·destabilization in porous media concentrates on thin-film stability (5,6). Clearly, the lamellae that comprise a foam must remain stable in order for foam to exist. By observing porelevel events of foam flowing in the presence of oil, Manlowe and Radke (5) concluded that foam stability iii contact, with oil in an etched-glass porousmedium micromodel is controlled by the stability of the aqueous pseudoemulsion films separating oil and gas, shown in Figure 1 .
Previo~sly, Kruglyakov (16),sho~e~ that the stability of bulk foams also relies on the longevity of asymm~tric pseudoemulsion films. Moreover, Kruglyakov asserts that water spreading on oil (i.e., nonentering oil systems) is a necessary, but not sufficient, condition for asymmetrical film stability. This assertion is consistent with the oil tolerance demonstrated by negative entering coefficient systems (11,13). Obviously, the inability of oil to penetrate (rupture) the gas-water interface leads to an oil-resistant foam.
This situation occurs when the aqueous phase completely "wets" the oil, leaving the foam lamellae unperturbed (c.f., Figure 1 ). This work unifies the two approaches presently accounting for oilfoam interactions: spreading behavior and thin-film stability. We demonstrate the correspondences between stable pseudoemulsion films, negative entering coeffients, and oil-tolerant foams. Frum.kin-Deryaguin theory is applied to the problem of oil-foam interactions and reveals that stable pseudoemulsion films are essential to maintain oil-tolerant foams.
This hypothesis is critically tested by comparing steady-state foam flow behavior in glass beadpacks that contain residual oil, with newly measured, equilibrium disjoining pressure isotherms for both foam and pseudoemulsion films, along with bulk surface and interfacial tensions.
Theory
To generalize the ideas of spreading behavior and its relation to foam stability we adopt the theory developed by Frumkin (17) and Deryaguin (18) for wetting fluids on a solid substrate. Recent application of this ·theory has also been made by Churaev (19) and Hirasaki (20) . The underlying principle of the Frum.kin-Deryaguin framework is incorporation of thinfilm forces in the description of wetting behavior. These forces, commonly expressed by the disjoining pressure isotherm, account for the stability of thin-liquid films. Inclusion of · disjoining pressure into spreading and entering coefficients leads to a more general picture of how entering and spreading relate to film stability, and directly accounts for the influence of the porous medium through the capillary-suction pressure. Once this limit is set, the generalized entering coefficieD;t simply becomes the net negative of the area under the disjoining pressure isotherm. In othet: words, a net positive area defines the system as nonentering.
Therefore, surfactant packages that generate pseudoemulsion-film disjoining pressure isotherms with large repulsive branches produce highly stable pseudoemulsion films, and display negative oil-entering behavior and very oil tolerant foams.
Unlike the generalized entering coefficient, the classical entering coefficient has only one value for a given system. It is strictly a function of bulk surface and interfacial tensions and is a subcase of the generalized I entering coefficient. For our equilibrated surfactant solution/oil/gas systems, the classical entering coefficient closely corresponds to the zero P c case of the generalized entering coefficient. The advantage of formulating a general coefficient is that we explicitly include thin-film force barriers and implicitly include. the complex nature of the porous media. Here, the capillary pressure imposed on the film is determined by both the geometry and saturation of the phases within the porous medium. Additional ramifications of the differences between the classical and general entering coefficients are detailed elsewhere (21).
To test the ideas presented above we measure and compare the disjoining 
